The lungs from 13 cases of diffuse pleural fibrosis associated with a history ofexposure to asbestos were examined. Samples were taken from the visceral pleura and central and subpleural zones of the lungs for histopathological and mineralogical studies. The fibre type, size, and number were estimated for each of these regions by transmission electron microscopy and energy dispersive x ray analysis. Amphibole fibre counts were raised when compared with a non-occupationally exposed group and-matched those seen in cases of pleural plaques, mild asbestosis, and mesothelioma. A wide case to case variation of distribution was seen. No significant difference was apparent between central and subpleural zones, whereas low asbestos counts were found in the pleura; these were mainly short chrysotile fibres. Within the lungs more (45%) of the longer (>4 pm) and thinner (< 025 pm) amphibole fibres were retained in keeping with other studies implicating such fibre profiles in the pathogenesis of asbestos related disease.
absence of significant parenchymal disease. ' We have previously presented the macroscopic, microscopical, and mineralogical findings of seven cases of diffuse pleural fibrosis' and some preliminary information on mineral fibre distribution of a series of 13 cases. 4 Now we have investigated the type and size distributions ofmineral fibres at different sites within the lung and visceral pleura.
Methods
Lungs obtained at 13 postmortem examinations performed between 1979 and 1988 were studied. They were from either routine hospital necropsies or from cases referred by the Medical Boarding Centre. Occupational histories were obt..ined from either the hospital notes or from the Medical Boarding Centre. Seven of the cases formed the basis of our original study.'
Cases were selected using diagnostic criteria acceptable for compensatory asbestos induced disease2 and similar to those identified previously.' These consisted of the necropsy findings of bilateral diffuse pleural fibrosis covering more than 25% ofthe lung surface on each side and measuring more than 5 mm in thickness at some point, in conjunction with documented exposure to asbestos. TISSUE 
PREPARATION
At least one lung from each case was distended with formalin in the standard manner and examined microscopically after fixation. Tissue blocks for histology were taken from the following sites:
(1) Subpleural region ofthe apex of upper lobe. The formalin fixed and paraffin embedded blocks were processed in the standard manner and the sections prepared were stained with haematoxylin and eosin, Martius scarlet blue (for fibrous tissue), and elastic van Gieson stain (for elastic and fibrous tissue). The degree of parenchymal fibrosis was graded 0-4 for each slide using an established system and an average was obtained for each case.5 6 Fibre distribution in the lungs andpleura ofsubjects with asbestos related diffusepleuralfibrosis 763 Table 2 gives the total and specific fibre counts for each case for the different anatomical sites. Considerable case to case variations occurred in fibre distribution. Case 6 had extreme values and is treated as an outlier. Therefore, the figures apply to all dusts with the omission of case 6. Table 3 gives the counts for the various asbestos fibres at different anatomical sites. The pleura contained much lower concentrations ofamphibole than chrysotile fibres. The chrysotile fibre concentrations showed less variability over the different sites. Tables 4 and 5 show the geometric means of the fibre widths and lengths together with the standard deviations of the log widths and log lengths These particular statistics are appropriate due to the tendency for fibre dimensions to be distributed as log normals. This assumption was supported by the data on length but not so much by those on width.
The effects of fibre type and position were investigated by a two way weighted analysis of variance (weighted by counts) using type and position as factors, each at three levels. The analysis of variance is a standard statistical technique for data in which variability can be partly explained by two factors-in this case fibre type and fibre position. Due to the disparity in fibre counts it is appropriate to weight the analysis by sample size. No interactions were found between the factors although definite differences due to type and position occurred. Table 6 shows the analysis of variance. The fibre effect was significant for both width and length (p < 0-0001). Position was significant for lengths (p < 0-02) but not for widths.
Further analysis ofthese effects showed the following differences, apparent from tables 4 and 5. The amosite fibres were longer (p < 0025) and wider (p < 00001) than the crocidolite, which were longer Table 4 Geometric mean (SD of log) widths (pum) offibres Table 5 Geometric mean (SD of log) lengths (pm) offibres Amosite Crocidolite Chrysotile All (p < 0-0001) and wider (p < 0-0001) than the chrysotile. No differences in fibre dimensions were seen between the central and subpleural parenchymal sites but the pleural fibres were generally shorter (p < 0-05) than those in the parenchyma. Figures 1 to 3 show the percentage ofspecific fibres measured in each length category for different fibre widths. The percentage of long amphibole fibres found in the lung was clearly higher than that for chrysotile fibres. Furthermore, a significant percentage of these were both long and thin. Table 7 gives the mean and range offibre counts for several types ofasbestos fibres in non-occupationally exposed subjects (unpublished data). This indicates the low concentrations of amphibole in the general population.
Discussion
This study expands upon our original paper on asbestos induced diffusepleural fibrosis3 and adds new (table 7) and reference to previous data"2"4 indicated that the total asbestos counts in these 11 cases of diffuse pleural fibrosis were generally higher than those found in the non-occupationally exposed population. This observation applied to the amphibole rather than the chrysotile concentrations. The concentrations found appear to correspond with those seen in cases with pleural plaques," 3' mild asbestosis,'6 and mesothelioma. These findings accord with those of other authors who also find that asbestos related disease is associated more closely with amphibole lung content than with chrysotile.'"'9 It is becoming increasingly obvious that as well as the importance of concentrations of the specific fibre types in the lung in the various asbestos related diseases, fibre dimension profiles are of significance. There is a paucity of data on the detailed analysis of fibre type dimension in the various disease states and the exact relation of fibre dimension to particular pathological effects will have to await further experimental and comparative work in human subjects. This knowledge may be of paramount importance in the prevention of similar disease states induced by other man made mineral fibres when one considers the fact that fibre dimension often appears to be of greater importance than the specific fibre chemistry.
In conclusion, this study has documented detailed mineralogical data in asbestos related diffuse pleural fibrosis. We have confirmed that amphiboles rather than chrysotile fibres are retained in the lung and that a high percentage of these are long and thin. We have also confirmed the non-uniform distribution ofasbestos fibres in the lung, in particular a low fibre content in pleural tissue, most of which is chrysotile.
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